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3.0 Summary of Previous Recommendations and Refinements

As discussed in Section 1, DOE's first performance evaluation of the remediation system was
performed in 2004, as documented in the Conceptual Model Report (DOE 2005). The purpose of
that report was to assess the design of the groundwater treatment system based on a reevaluation
of the site conceptual model® and to provide recommendations for improvement of the system.
The addendum to that report established a framework and decision process for future evaluations
of the groundwater remediation strategy. This section summarizes those recommendations and
refinements. The bulk of this summary is provided in the flow diagrams in Figures 2 and 3,
which represent a graphical version of the decision process documented in the addendum for the
terrace and floodplain, respectively. The figures also present an overview of the current status of
remediation (as of 2010), which is discussed in more detail in Section 4. The matrix table in
Attachment 1, which is organized by site area, summarizes past, ongoing, and planned

future activities.

3.1 Terrace

The compliance strategy for the terrace is active remediation with the objective of dewatering the
alluvial portion of the terrace system. As a result of this dewatering, (1) migration of site-related
contamination to the western portion of the terrace would be curtailed, (2) flow of contaminated
water to Bob Lee Wash and Many Devils Wash would be significantly reduced, (3) flow to seeps
along the escarpment and along the distributary channel would be reduced, and (4) discharge of
contaminated groundwater to the floodplain would decrease (DOE 2000, DOE 2002a,

DOE 2005). As shown in Figure 2, the extraction objectives for the terrace decision process
presented in the July 2005 addendum followed four determinations:

e Near-term—Can new wells and the existing extraction system achieve extraction objectives
(8 gpm)?’

e Near-term—If "No" to (1), can a combination of wells and vegetation achieve extraction
objectives (8 gpm)?

e Longer-term—Is extraction curtailing flow to the west terrace as predicted?; and
e Longer-term—Is pumping reducing contaminant discharges to the washes and seeps?
Recommendations intended to meet these objectives are discussed in Section 6 of the 2005

Conceptual Model Report. These recommendations, addressed in detail in Attachment 1, are
summarized only briefly here.

¥ The 2005 Conceptual Model Report described refinements to the site conceptual model and modifications to the
previous understanding of the groundwater system. The reader is referred to that document for details, as this
strategy evaluation is focused on the remedial strategy.

? The 8 gpm terrace extraction objective was based on groundwater modeling results presented in the SOWP,
Section 4.5.5 (DOE 2000). This modeling effort was designed to evaluate the time required for Many Devils Wash
and Bob Lee Wash to become hydraulically isolated from the buried channel south of the disposal cell and the
groundwater that originates as drainage from the disposal cell. At that time, the model included an extraction system
for the terrace consisting of a combination of two extraction wells and two interceptor trenches and the total
groundwater extraction rate for the terrace system was expected to stabilize at 8§ gpm.
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Terrace Decision Process
Source: DOE 2005 (Addendum 1, Exhibit 1)

(1and 2)
Near-Term (3 Years) Decisions Based on Current Field Effort:’

M

Can new
wells and existing
extraction systems achieve
extraction objectives No

Yes (8 gpm)??

Overview of Current Status
(2010, approximately 5 years)

* As of October 2010, despite
expansion of the extraction system,
the 8 gpm objective has not been
achieved. For the last 2 years, total
combined terrace extraction rates
have been about 2 gpm, well short of
the 8 gpm goal.

Continue pumping.

Cana
combination of wells
and vegetation achieve
extraction objectives

(8 gpm)?

<—Yes

Although the 8 gpm extraction
objective has not been attained,
progress has been made in terms of

Select “active remediation
to dewater” in the GCAP

and go to (3). No the overall dewatering objective (see
+ below). The extent to which this is due
to pumping or other influences (e.g.,
Implement a contingency cessation of irrigation on the west
Reevaluate at action apd reeygluate terrace and/or drought conditions) is
7-year time frame dewatering ability OR not clear.

reevaluate the compliance
strategy and select a revised
approach in the GCAP.

Preliminary Overview of
Current Status for 2012
Decision Endpoints:

(3) Longer-Term Decisions (7 Years; 2012) Based on Presumed
System Operation:

Although it is premature to evaluate the
(3a) (3b) long-term decision endpoints at this time,
some interim observations can be made:

As shown in Figure 5, water levels
have declined, particularly in the

Is extraction curtailing Is pumping reducing western portion of the terrace.
flow to Terrace West as contaminant discharges to the However, the extent to which flow to
predicted’?2 washes and seeps'?3 the west terrace has been “curtailed” is
not clear.

Many seeps on the west terrace have
‘ ‘ dried up. Also, flows at escarpment
seeps 0425 and 0426 have been below

Yes No the 0.9 gpm goal (see Note 3); now at
L ~0.3 gpm; contaminant concentrations
have not declined, however.
If YES to both 3a and 3b, continue extraction If NO to both 3a and 3b, revaluate the e Itis not clear if flow reductions, if any,
of groundwater from the terrace. compliance strategy. at Bob Lee and Many Devils Washes,

are attributable to remediation, as there
are several influences on wash flows—
e.g., precipitation, engineering issues
(clogging of drains), and natural
variations in groundwater flows.

If mixed results (a combination of YES to one item and NO to the
other), determine whether achieved benefits warrant continuation
of pumping or reevaluation of the compliance strategy.

Despite the drying up of some seeps
and/or reduced flow rates, no
significant decline in contaminant
concentrations is apparent at terrace
monitoring locations.

" October 2010 (date of this report) marks the midpoint between the near-term and long-term evaluation points.

2 The 2005 addendum established a criterion of a 1-ft water level drop over a period of 7 years (as evidence of significant progress). As discussed in the text,
there is no longer any technical basis to support the presence of a groundwater divide between Terrace East and Terrace West.

% To satisfy this condition, the addendum stated that the average combined flow from seeps 426 and 427 during the 7th year of the evaluation must decrease to
0.9 gpm or less. Also note that the seep 427 location no longer applies; seeps 425 and 426 are now the representative escarpment seeps.

Figure 2. Terrace Decision Process
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Floodplain Decision Process
Source: DOE 2005 (Addendum 1, Exhibit 2)

(1 and 2)
Near-Term (3 Years) Decisions Based on Current Field Effort:

M

acceptable rate of water
extraction (20 gpm) be achieved
with the new extraction capabilities
Yes and the existing large-diameter
well (1089) near
the river?

@)

Can contamination

No 1

Overview of Current
Status (2010, ~5 years)

be controlled to the extent
necessary for natural flushing
to proceed as predicted
by the model?*

Try another method of
extraction/contaminant control
(contingency action) OR
reevaluate the compliance
strategy and select a revised
approach in the GCAP.

No———p

Yes

Select “active remediation
with natural flushing” in the
GCAP and go to (3).

Reevaluate at

7-year time frame.

(3and 4)

o At the time this decision matrix
was developed, it was
recognized that wells 1089 and
1104 were not meeting
objectives. In 2006, DOE
installed two trenches at the
base of the escarpment to
improve extraction rates. The
20-gpm rate is now being
achieved.

Decreases in contaminant
concentrations (uranium,
sulfate, nitrate) are apparent in
a number of floodplain wells
(DOE 2009a).

In large part, because of the two
trenches, progress has been
made in terms of extraction
rates and contamination control.

Longer-Term Decisions (7 Years; 2012) Based on Presumed System Operation:

(3) Operate system and allow natural flushing to progress.

NoO——P| Revaluate the compliance strategy.

Is active remediation with
natural flushing progressing

adequately?1

How long must the floodplain
extraction system operate?

Yes

Continue active remediation with
natural flushing and go to (4).

Discontinue pumping in the floodplain for at least 3 months at

some time after the 7th year of evaluation and monitor

contaminant rebound in the monitored zones that exhibited

measurable concentration decreases.
. Resume pumping if rebound is significant.
. Consider alternative actions if rebound is minor.

Preliminary Overview of
Current Status for 2012
Decision Endpoints:

Although it is premature to evaluate
the long-term decision endpoints at
this time, some interim observations
can be made:

Significant declines in contaminant
concentrations are evident in trench
area wells.

Contaminant concentrations in well
1089 area are variable, and no
clear conclusions can be drawn at
this time.

Although studies are ongoing, the
trenches appear to be effective in
extracting contaminated water from
the floodplain and reducing
contaminant concentrations in
nearby groundwater (DOE 2009c).

1o satisfy this criterion, the addendum stated that the arithmetic average of measured concentrations of nitrate, sulfate, and uranium in selected floodplain
monitoring wells would have to be noticeably reduced from the arithmetic average of measured concentrations in these same wells during the first year of
evaluation. Wells slated for evaluation were to be located hydraulically downgradient of extraction wells and trenches relatively close to the escarpment,
and upgradient of the two large-diameter wells close to the river. Consequently, there is some subjectivity in the determination as to whether the floodplain

remediation is progressing adequately and or/meeting the model predictions.

Figure 3. Floodplain Decision Process
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To increase groundwater extraction rates from the terrace, improve the efficiency of extraction
wells, and reduce or eliminate potential exposures to contaminated groundwater discharging at
seeps, the following measures were recommended: installation of new extraction and monitoring
wells (refer to Attachment 1 for details); development and plumbing of seeps 425 and 426; and
well restoration activities. In addition, the report recommended that DOE design and conduct a
pilot-scale investigation using deep-rooted plants to enhance evapotranspiration in the radon-
cover borrow pit. DOE's progress toward meeting these objectives is discussed in Section 4.

3.2 Floodplain

The compliance strategy for the floodplain is active remediation, supplemented by natural
flushing. At the time both the GCAP and the 2005 Conceptual Model Report were developed,
active remediation (i.e., extraction of groundwater from the contaminant plume on the floodplain
close to the San Juan River) was considered a best management practice (see DOE 2005,
Section 5.2). DOE has since modified its position on this point, and active remediation is now
considered the dominant strategy (refer to Table 1). As shown in Figure 3, the extraction
objectives for the terrace decision process presented in the July 2005 addendum followed four
determinations:

e Near-term—Can an acceptable rate of water extraction (20 gpm) be achieved with the new
extraction capabilities and the existing large-diameter well (1089) near the river?

e Near-term—Can contamination be controlled to the extent necessary for natural flushing to
proceed as predicted by the model?

e Longer-term—Is active remediation with natural flushing progressing adequately?

e Longer-term—How long must the floodplain extraction system operate?

Recommendations intended to meet these objectives are discussed in Section 6 of the 2005
Conceptual Model Report. These recommendations, addressed in detail in Attachment 1, are
summarized briefly here.

e To increase groundwater extraction in the highly contaminated portion of the plume near the
San Juan River, install an extraction well near extraction well 1077 and another well near
monitoring well 0615 in the heart of the contaminant plume (for specific existing well
locations, refer to Figure 6 in this report).

e To capture highly contaminated groundwater from the escarpment area to prevent it from
migrating to the floodplain, construct two groundwater collection drains along the base of the
escarpment.

3.3 Recommended Contingencies

In addition to the possibility of adding extraction and treatment capacities, the 2005 Conceptual
Model Report recommended that other contingency measures be considered if groundwater
cleanup was not expected within a reasonable time period. Possible contingencies included:

(1) remediation of groundwater contaminants using chemical reactants; (2) installation of an
interceptor drain and a permeable reactive barrier at the base of the escarpment; (3) installation
of a flow barrier and interceptor drain at the base of the escarpment; and (4) extraction of
contaminated groundwater beneath the disposal cell. It is still premature to evaluate these
contingencies; this evaluation will be undertaken as part of the assessment of the long-term
decisions in 2012.
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4.0 Summary of Actions Since Last Review/Current Status

This section describes the site characterization and remediation activities performed since the
Conceptual Model Report was developed, the progress made in terms of risk mitigation and
performance of the groundwater remediation system, and the status of study endpoints. The
reader is again referred to Figures 2 and 3 in the previous section and to the tabular summary in
Attachment 1.

4.1 Terrace

This section begins by addressing the endpoints and recommendations discussed in the previous
section—specifically, DOE's progress in attaining the terrace extraction objectives

(Section 4.1.1). Sections 4.1.2 through 4.1.5 address related endpoints for terrace subareas where
significant work has been done to either reduce risks or to provide further characterization.

4.1.1 Terrace Remediation System—~Progress Toward Meeting Extraction Objectives

As recommended in the Conceptual Model Report, DOE expanded the terrace extraction well
network between 2005 and 2007. Two new wells (1095 and 1096) were installed near the
evaporation pond in March 2005, and in September 2007, DOE installed a new large-diameter
well (1093R) to increase the probability of collecting a larger volume of water (see

Attachment 1). As of September 2010, despite expansion and enhancement of the terrace
extraction system, the 8 gpm objective has not been achieved. The combined pumping rate from
terrace extraction wells has ranged between 2 and 4 gpm since remediation started (2 gpm in the
last 2 years), well short of the 8 gpm objective (Figure 4).

Pumping Rates at Shiprock Terrace Extraction Wells
1.8 T T T T
Totals of Annual Averages in Bold
2.0gpm 4.3gpm 3.8gpm 3.0gpm 2.2gpm 2.2 gpm
= A S b e s tetied mvarch 2005,
g_ --Well 1093 replaced with large-diameter well
=) 12 F N in September 2007.
e
I
o L N N S S Average pumping
o rate last two
£ reporting periods
E- 08 TN AN - (aIIweIIs):O.ngm
>
O 06 p D
(3]
(<]
g o4t ] —o— 0818
z -0-1070
02ft g S NS ] e 1072
‘ — 1078
0.0 F OmmmmmmmmmmmmenOmmmommreceees b"',"?r':--—--,-@,-m~r>ﬁ,=_ﬂ_i:.=.==$, 1 —e 1091
—+- 1092
2 ' ' ' ' ' —— 1093
2004-2005 2006-2007 2008-2009 1095
2005-2006 2007-2008 2009-2010
—=— 1096
Performance Evaluation Reporting Period

Figure 4. Pumping Rate Summary for Terrace Extraction Wells
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Since 2005, DOE has also redeveloped several wells on the terrace to improve well yields. These
and other well restoration methods proved ineffective. During pumping tests performed in 2008,

the wells evaluated in the immediate vicinity of the current system did not produce enough water
to justify adding any additional infrastructure.

Although the 8 gpm extraction objective has not been attained, progress has been made in terms
of the overall dewatering objective (see below). The extent to which this is due to pumping or
other influences—such as cessation of irrigation on the west terrace (which was phased out
between 2003 and 2004) and/or drought conditions—is not clear. As shown in the decision
process in Figure 2, although it is premature to evaluate the long-term decision endpoints at this
time (curtailing of flow to the west terrace and reducing contaminant discharges to the washes
and seeps), some interim observations can be made:

e As shown in Figure 5, water levels on the terrace declined, particularly in the western portion
of the terrace. Groundwater elevations measured in 26 groundwater wells in March 2010 have
decreased relative to the baseline period of January 2000 to March 2003. A corresponding
decrease in flow from seeps along the floodplain and in areas of the western portion of the
terrace has also been observed. However, the extent to which flow to the west terrace has
been curtailed is not clear.

o Many seeps on the west terrace are now dry, and have been for the last several years
(Figure 5). Also, flows at escarpment seeps 0425 and 0426 have been below the 0.9 gpm goal
(see Figure 2, Note 3) for some time (current flows are about 0.3 gpm); contaminant
concentrations in these seeps have not declined, however.

e It is not clear whether flow reduction at Bob Lee Wash is attributable to remediation or to
natural variations in groundwater flow. There has been no observed decrease in flow in Many
Devils Wash, and influences such as precipitation, engineering issues (clogging of drains),
and natural variations in groundwater flow could obscure any effects of remediation.

o Despite the water level declines and drying of seeps noted above, no significant decline in
contaminant concentrations is apparent at terrace monitoring locations.

4.1.2 Phytoremediation (Groundwater Extraction by Plants)

As discussed above, active remediation (pumping) is not extracting as much terrace plume water
as expected; this was anticipated in the decision process for the terrace groundwater remediation
strategy (Figure 2, decision endpoint 2). Therefore, as recommended (DOE 2005), DOE initiated
a pilot study in 2006 to evaluate the feasibility of phytoremediation (groundwater extraction by
plants) for hydraulic control (DOE 2008). Four irrigated 15-meter by 15-meter phytoremediation
test plots were established in 2006. Two test plots have been maintained on the terrace above the
escarpment on the northeast side of the disposal cell, and two in the radon-cover borrow pit
(Figure 1). Water isotope signatures, a major endpoint of the pilot study, can be used as evidence
of whether volunteer phreatophytes have rooted into the shallow groundwater plumes and can
thus be useful to assess the feasibility of enhancing phytoremediation and hydraulic control. In
2007, oxygen and hydrogen isotope analysis of plants and groundwater indicated that volunteer
tamarisk, black greasewood, and fourwing saltbush growing in the borrow pit area are likely
extracting water, nitrate, and possibly other groundwater constituents. A few scattered black
greasewood plants that have established on the terrace above the floodplain are also likely
removing water that might otherwise surface in contaminated seeps at the base of the
escarpment.
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4.1.3 Evaporation Pond

A key component of the terrace remediation system, the 11-acre evaporation pond is the
collection point for contaminated groundwater from extraction wells on the terrace and the two
collection trenches and extraction wells on the floodplain. The volume of contaminated water
being sent to the evaporation pond has increased significantly since the floodplain trenches were
installed in the spring of 2006 (see Section 4.2). This increased volume of water has allowed
algae to develop in the pond, which could potentially attract migratory birds.

When active remediation began in 2003, in consultation with USFWS and the Navajo Nation,
DOE developed a Wildlife Management Plan (DOE 2003b). This plan established a phased
approach for minimizing potential adverse effects to wildlife based on systematic observation of
the pond and the surrounding area. The three phases established were monitoring, deterrence,
and contingency. The monitoring component was greatly enhanced in 2004—2005, when the
pond was instrumented with DOE's automated data collection system, referred to as System
Operation and Analysis at Remote Sites (SOARS). This technology, applied at key features of
the Shiprock site remediation network, allowed monitoring of water levels in the pond and, later,
installation of cameras instrumented with telemetry.

Based on pond monitoring in the last several years, USFWS indicated that elevated
concentrations of selenium in the pond may be bioconcentrating in the algae, which is a food
source for the migratory birds. Selenium is toxic to wildlife, particularly migratory birds.
Although very few birds have been observed (using both telemetry cameras and human
observation) visiting the pond, USFWS expressed concern about migratory birds consuming
algae as a food source. DOE reviewed information provided by the USFWS on the uptake of
selenium in migratory birds and concluded that the most effective way to mitigate the exposure
to selenium is to eliminate the food source (algae) from the pond. The proposed approach to
remove the algae was to add dye to pond, which greatly reduces that amount of sunlight
available to the algae, killing most of the plants. In June 2010, after coordinating with

NN AML/UMTRA and local residents, DOE began adding dye to the evaporation pond to
block sunlight as a way to kill the algae. DOE will continue adding dye to the pond on a
semiannual basis.

Water levels in the pond continue to be monitored using the SOARS telemetry system, and
actions to maintain pond elevations are being implemented, such as alternate pumping of
floodplain trenches.

4.1.4 Disposal Cell/Cover Investigations

Although not addressed in the Conceptual Model Report in the context of the terrace remediation
strategy, the disposal cell has been an ongoing concern of stakeholders. For example, in their
conditional concurrence with the GCAP, NRC stated that continued monitoring and study of the
contaminant flux from the disposal cell was required and that groundwater geochemistry should
be monitored at a few additional wells around the disposal cell (NRC 2003).

To address these concerns, DOE is currently investigating water balance issues associated with
the disposal cell and the terrace. Historical records of the milling operations have been reviewed
to estimate water use while the site was operational and to evaluate the potential residual or
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transient water present in the tailings when the cell was constructed. Historically, DOE has
funded several investigations of the disposal cell cover as an indicator of cell performance.
Results of these studies are summarized below:

e Neutron hydroprobe ports in the top slope of the disposal cell were monitored between 1999
and 2001. Results showed that standing water in the bottom of the probe ports throughout the
monitoring period indicated saturation in the upper tailings where the hydroprobes were
inserted in the cell.

e In 2005, DOE measured the saturated hydraulic conductivity, a measure of soil permeability,
at five locations on the cover top slope using air-entry permeameters; 20 tests were conducted.
The results indicated that saturated hydraulic conductivity was highly variable, ranging
between 10 and 10~ centimeters per second (cm/s). However, in 1989 disposal cell
designers assumed that the saturated hydraulic conductivity was 10~ cm/s (DOE 1989a;

DOE 1989b).

e In 2007 (part of the same study noted above, but sampled from the top of the tailings), oxygen
and hydrogen isotope analysis of water extracted from neutron hydroprobe ports in the upper
tailings suggested that the tailings water is likely local rainwater, both summer and winter
rainwater, percolating through the upper disposal cell cover.

These limited studies have indicated a high variability in measurements of soil hydraulic
properties and large uncertainty in calculations of percolation flux. Although no specific studies
are currently planned, DOE will continue to investigate cell performance as a best management
practice.

4.1.5 Many Devils Wash

Located about one-half mile east of the disposal cell, Many Devils Wash drains an area of about
11.5 square miles and enters the San Juan River just upstream of Shiprock. Although a focus of
previous site investigations in terms of site characterization, the wash had not been specifically
targeted for remediation until recently. This area is now a major focus of DOE's ongoing
investigations because groundwater seepage and ponded water containing elevated
concentrations of nitrate, selenium, sulfate, and uranium occur in many places along the wash.
The ponding occurs from the drain sump south to the confluence of the East Fork of the wash
and along the main channel. Although variable in volume, water is consistently present.
Furthermore, reduction of contaminant discharges to the wash was a major criterion established
for the longer-term terrace decision process (Figure 2). However, unlike trends observed at Bob
Lee Wash, flows at Many Devils Wash have not decreased. Despite several attempts at
engineering controls (summarized below and in Attachment 1), decreased flows in the wash and
at seeps have not been observed.

To limit exposure to the surface water in Many Devils Wash, two interim actions were conducted
in the summer and fall of 2000. The wash was fenced to prevent access by cattle, and a cobble
blanket was used to cover contaminated pools. In July 2001, flooding caused major removal of
the cobble blanket, rendering it ineffective for exposure control. In November 2002, a 400-ft-
long collection drain was installed in the wash to capture surface water and shallow groundwater;
it began operating in March 2003. Captured contaminated water is removed from the wash by
pumping to the evaporation pond.
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Flow rates and water levels in the collection sump were instrumented in December 2005 and
connected to SOARS for real-time monitoring. The efficiency of the collection drain decreased
over time in part because accumulation of fines is limiting the infiltration of surface water. To
help capture the contaminated surface water, a diversion dam was built in August 2009. The
wash has since dried up for about 300 ft downstream of the diversion dam. However, perennial
pools of water persist upstream of the diversion structure and downstream of the knickpoint, an
erosion resistant outcrop of bedrock that forms a small waterfall.

Recent (non-engineered) controls undertaken to limit exposure and reduce risks include the
repair of fencing and installation of warning signs. In April 2010, approximately 20 new warning
signs were posted in the area of the wash. Additional characterization or risk reduction measures
are documented in Attachment 1.

To investigate the source of elevated contaminant levels in the wash, in spring 2010 DOE began
a detailed investigation of the geology and groundwater chemistry in Many Devils Wash in an
attempt to determine the source of contaminants in the wash. The contaminants—nitrate, sulfate,
selenium, and uranium—are similar to those found in groundwater near the disposal cell.
However, paradoxically, the seeps occur on the east wall of the incised wash but not on the west
side of the wash, which is closer to the disposal cell and in a position hydrologically that is more
likely to receive site groundwater. The extent to which these are naturally occurring cannot be
determined at this time, because lack of groundwater in candidate background locations has
prevented characterization of background conditions on the terrace (see Attachment 1 for further
discussion). As a result, the origin of contaminants in Many Devils Wash—whether mill-related,
reflecting background conditions and characteristics of Mancos Shale, or a combination of
both—remains unclear.

4.2 Status of Floodplain Remediation

Efforts undertaken on the floodplain since the Conceptual Model Report was issued are detailed
in Attachment 1. These efforts included installation of 26 additional floodplain monitoring wells
since 2005 (Figure 6). Most notable is the installation of two additional groundwater withdrawal
systems consisting of horizontal wells in excavated trenches—Trench 1 and Trench 2—in spring
2006. These trenches were installed in the alluvial aquifer near the base of the escarpment. It was
believed that the pumping of these horizontal wells would result in greater groundwater
extraction rates than had previously been achieved at either of the two vertical wells on the
floodplain, particularly given that the length of each horizontal well is 200 ft. Trench 1 and
Trench 2 were expected to intercept much, if not all, of the contaminated water migrating across
the Mancos Shale escarpment, thereby reducing the contaminant mass reaching portions of the
alluvial aquifer between the bedrock escarpment and the river. The detailed Trench 2 evaluation
indicates a large capture zone exists around this trench.

4.2.1 Recent Floodplain Assessment (Trench 2 Study)
DOE issued a report in March 2009 that evaluated the effectiveness of the Trench 2 remediation

system in the southern part of the floodplain (DOE 2009c). The trench and the horizontal
collection well installed in it are located near the base of the Mancos Shale escarpment.
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The report concludes that the Trench 2 remediation system has met its design objectives, which
are to:

o Intercept contamination in groundwater that may be flowing across the Mancos Shale
escarpment to prevent it from migrating eastward and discharging to the San Juan River;

e Remove large quantities of dissolved contaminant mass from floodplain groundwater; and

e Create a zone of uncontaminated water between the trench and the river as well as at
substantial distances north and south of the trench.

The report shows that much of the success of the Trench 2 remediation system can be attributed
to its ability to induce inflow of river water into the alluvial aquifer underlying the floodplain.
Accordingly, the freshwater zone created between the trench and the river consists almost solely
of river-derived water. Observed decreases of contaminant concentration in groundwater lying
between the trench and the Mancos Shale escarpment since pumping at the trench began suggest
that river water is also drawn into this area, diluting the water discharging across the escarpment.

The Trench 2 system has been monitored since spring 2006; monitoring consisted primarily of
pumping rate, water level, and specific conductance data from 15 monitoring locations that are
part of the SOARS data collection and analysis system. Since groundwater extraction began at
Trench 2 in spring 2006, the pumping rate has typically ranged between 12 and 20 gpm and has
averaged about 17 gpm. The average rate comes very close to meeting the objective of reaching
a long-term pumping rate of 20 gpm from all wells and trenches on the floodplain, as established
in the 2005 Conceptual Model Report.

4.2.2 Status of Floodplain Remediation

As indicated in Figure 3, at the time the decision matrix was developed'® (DOE 2005
addendum), it was recognized that wells 1089 and 1104 were not meeting objectives. In 2006,
DOE installed the two trenches at the base of the escarpment to improve extraction rates. The
20-gpm rate is now being achieved, and decreases in contaminant concentrations (uranium,
sulfate, nitrate) are apparent in a number of floodplain wells (DOE 2009a). In large part,
because of the two trenches, progress has been made in terms of extraction rates and
contamination control.

Although it is premature to evaluate the long-term decision endpoints at this time, some interim
observations can be made: Significant declines in contaminant concentrations are evident in
trench area wells. Contaminant concentrations in well 1089 area are variable, and no clear
conclusions can be drawn at this time. Although studies are ongoing, the trenches appear to be
effective in extracting contaminated water from the floodplain and reducing contaminant
concentrations in nearby groundwater (DOE 2009c).

' 1t is important to note that the decision process language (Figure 3) assumed natural flushing as the dominant
remediation strategy. Observations since then, particularly since installation of Trenches 1 and 2 in 2006, clearly
indicate that active remediation, the preferred strategy on the floodplain, is effective.
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5.0 Summary of Ongoing Activities and Proposed Future Actions

The previous section demonstrated the progress and extensive enhancements undertaken since
development of the 2005 Conceptual Model Report. Investigations are clearly ongoing and
evolving. This section describes DOE’s ongoing and planned activities and studies that are
intended to evaluate unresolved issues and ensure protection of human health and the
environment.

5.1 Terrace

5.1.1 Terrace Extraction System

Ongoing
e  Groundwater extraction on the terrace and monitoring of water levels will continue.

e Phytoremediation (groundwater extraction by plants) is ongoing; DOE will analyze the
overall findings and data when the pilot studies end. An evaluation of the feasibility of
phytoremediation on the terrace will continue, using deep-rooted plants to enhance
evapotranspiration in the borrow pit area south of the disposal cell and also between the
disposal cell and the escarpment above the San Juan River floodplain.

Planned

No activities or modifications are planned for the terrace extraction system at this time. The
present system is not achieving demonstrable success. However, given that extraction rates have
stabilized at about 2 gpm, well short of the 8 gpm goal, DOE is shifting the focus to other areas
of the site where greater benefits may be achieved, as described below.

e DOE will further investigate the disposal cell as a continuing source of contaminants to the
terrace and floodplain and will issue a report describing the results.

e DOE plans to develop a report documenting what is known about how the cell is
performing, including approximations regarding the water balance. Drawing upon previous
studies (including the initial cell design), this report will evaluate water balance estimates
(and all assumptions and uncertainties associated with those estimates) and will also address
potential risks if a complete exposure pathway is identified. The report will be a starting
point; DOE does not expect to fully define the extent to which the cell is a continuing source
of contamination. The issue is complex, and even with considerable additional site
characterization, the extent of the contribution may never be definitively quantified.

5.1.2 Many Devils Wash

Ongoing Activities

DOE will continue to implement measures to reduce risks in Many Devils Wash. Approximately
20 warning signs were posted on the fence surrounding the wash in spring 2010.

Planned Investigations at Many Devils Wash

Several areas of Many Devils Wash have surface water with elevated levels of nitrate, selenium,
and sulfate. A primary focus is the mitigation of any potential exposures in the wash. To develop
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a more holistic construction solution for the wash, DOE recently initiated a comprehensive study
of the geology, groundwater movement, and water chemistry of the wash. Potential construction
options from this study could include (1) installing a water collection system in the East Fork of
the wash to curtail groundwater flows down the wash; (2) installing a water collection and
pumping system in areas with surface water downstream of the existing water collection system,;
and/or (3) placing large rock in areas with surface water to reduce potential exposures.

DOE will also explore installing fencing at the East Fork of Many Devils Wash to keep livestock
out of seeps. NN AML/UMTRA will coordinate with the grazing official for the Shiprock
Chapter to determine if any access is restricted.

5.1.3 Terrace Background Characterization

The inability to characterize background conditions has hindered the derivation of alternate
concentration limits (usually required for an active remediation program) and also constitutes a
data gap in DOE's attempts to identify a contaminant source in the wash. DOE has made
numerous attempts to locate a representative background location for the terrace, and a
representative area has not yet been identified. With additional consultation from representatives
of the Navajo Nation, DOE plans to continue to search for a suitable background location for the
terrace. Two additional (candidate) seep background locations were sampled during the spring
2010 sampling event: location 1218, about 2 miles southwest of the site, and Eagles Nest Arroyo
(location 1220), about 5 miles northeast of the site.

5.1.4 Other Study Endpoints

DOE is considering a pilot groundwater hot-spot remediation study at locations where
concentrations of one or more contaminants (especially selenium, nitrate, and uranium) are
higher. An aspect that confounds the implementation of this study is the fact that maximum
concentrations of individual COCs do not occur in the same location.

5.2 Floodplain

5.2.1 Well 1089/1104 Area

Ongoing
DOE will continue to monitor groundwater chemistry and water levels in the floodplain.

Planned

A planned study will use river gauging station data and water temperatures to evaluate the
interaction between the San Juan River and the alluvial aquifer. A study of the Trench 1
remediation system and pumping wells 1089 and 1104 near the San Juan River will include
monitoring surface water levels and water temperatures in the river. Groundwater levels will be
measured concurrently to evaluate flow directions between the river and the alluvial aquifer.
Groundwater levels, water temperature, and specific conductance at multiple wells between
Trench 1 and the San Juan River and from one location in the river itself are being measured
continuously. Analysis of these types of data at three wells between the river and extraction
wells 1089 and 1104 will be used to determine if the wells are inducing water losses from the
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river. Temperature measurements will be compared during and shortly after flow events on the
river that lead to significant, short-term variations in surface water temperature. It is also possible
that pumping at Trench 1 could induce some of the river loss at upstream locations.

5.2.2 Trenches

Ongoing
DOE will continue to monitor Trench 2 and the well 1089 area.

Planned

Due to the success of the Trench 2 study, similar instrumentation is proposed for the Trench 1
horizontal well and for the well 1089 area. Measurements of groundwater specific conductance
in Trench 2 have provided useful estimates of contaminant levels. All instrumented wells will
feed conductivity and water level data to the SOARS system. Instruments in two alluvial wells in
Trench 1 provide data to estimate horizontal well efficiency, and instruments in two alluvial
wells on the escarpment side of Trench 1 monitor contamination entering the floodplain from the
disposal cell area. Alluvial wells 1140 and 1141 were installed in May 2009 about 50 ft from
Trench 1 and are also equipped with SOARS instrumentation (see Figure 6 for locations).
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6.0 Summary

The addendum to the Conceptual Model Report provided a process for selecting groundwater
remediation and management activities in future years. It prescribed that site decisions on the
groundwater strategy for both the terrace and the floodplain should be reevaluated in the near-
term (3 years) and long-term (7 years). Long-term time frame decisions cannot be evaluated until
approximately 2013, using data from 2012. However, those in the near-term time frame can be
evaluated using data from 2008 to 2010.

The primary criterion used for the near-term terrace evaluation was to meet a groundwater
extraction rate of 8 gpm or greater from pumping wells or a combination of pumping wells and
phytoremediation. This has not been achieved, which, according to the 2005 addendum

(DOE 2005), would imply it may be appropriate to reconsider the compliance strategy for

the terrace.

The water levels in the terrace have decreased approximately 50 percent since pumping began.
The reduction in terrace water levels has reduced the number of seeps and the flow rate from the
active seeps in the escarpment. Contaminated surface water is present in Many Devils Wash,
although additional water is being collected after the diversion structure was installed in the
wash. DOE’s highest priority is to continue to reduce the potential for exposure to contaminants
at the site.

The goals for the floodplain in the near-term were to meet a groundwater extraction rate of

20 gpm and to control contamination for four key constituents (nitrate, selenium, sulfate, and
uranium) to the extent necessary for natural flushing to proceed as predicted by the model. The
20 gpm extraction rate has been achieved, and concentrations of the three key constituents have
decreased in some wells. This implies that DOE should continue extracting contaminated
groundwater from the floodplain, and the groundwater compliance strategy for the floodplain
does not need to be reevaluated at this time.

Seven years after initiation of active remediation in 2003, contaminant concentrations in
floodplain groundwater are decreasing, and the installation of the two collection trenches appears
to have enhanced the cleanup rate.

DOE’s historical interpretation of site conditions led to the conclusion that more benefit would
be derived from stressing the system through continued remediation than from additional
characterization efforts (DOE 2005). That interpretation has changed somewhat as additional
data became available, and the present approach is to continue remediation, but conduct a
targeted characterization to address key issues, such as Many Devils Wash, to better understand
site conditions and reduce uncertainty. The current interpretation is likely to continue to evolve
as ongoing and planned studies yield additional data.
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